The effect of a new non-toxic water-soluble selenorganic substance on antioxidant protection and development of seedlings of oilseed radish (Raphanus sativus L. var. oleiferus Metzg.)
INTRODUCTION
Eastern Siberia covers the territory of the Central and Northern Taiga of Russia. Features of crop production in this region are dependent on harsh climatic conditions. Severe winter is a problem because freezing the soil and covering it with ice cause low oxygen conditions. Despite this, crop production in this region is developing and playing a big role in the life of the region and the country as a whole (Surinet al., 2018) .
Due to the fact that the climate in this region is continental and sharply continental, the main focus of agronomy production is on spring crops such as wheat, rye, barley and oats. In addition to these main crops, cruciferous field crops are now widespread. Oilseed radish (Raphanus sativus L. var. oleiferus Metzg.) is promising for outspread due to its cold resistance, short growing season and accumulation of large yields of high-protein green mass.It is grown as a fodder, green manure, oilbearing and strip culture. To more fully use the potential of the culture, the efficiency of cultivation and the expansion of its distribution areas, it becomes necessary to develop its cultivation technology and identify the most important biological features (Dorofeevet al., 2013) .
In the course of growth and development, oilseed radish, like many Siberian plants, is exposed to various stressors, the most common of which are agro-climatic conditions like drought, cold, salinisation and contamination with heavy metals. As a result of exposure to these unfavorable environmental factors in plant cells, the production of reactive oxygen species (ROS) increases, which at high concentrations have a negative impact on all vital processes in the cell (Gill &Tuteja, 2010; Gill et al., 2013) . To prevent negative effects on the cells of crops, science has developed and recommended use of a large number of complex and highly targeted substances, including ones containing selenium (Alfthanet al., 2014) .
Most of the currently used selenium substances are based on inorganic selenium compounds, their complexes, selenium-containing amino acids and their derivatives due to the availability of these compounds. However, these substances have high toxicity and can have a long-term negative impact on the environment when released into soils and water bodies (Škrabanja, 2017) .This fact does not allow them to be used effectively enough both as adaptogens in animal breeding and agriculture, and as preventive substances in regions characterized by lack of selenium (for example, as food additives to products of mass consumption, in the composition of multivitamin and mineral complexes).The development of available methods for the synthesis of organoselenium compounds led to a shift from the use of non-effective selenium compounds to the use of low-toxic organose-lenium substances (Nogueiraet al., 2004) . Earlier, we first proposed and successfully implemented the use of selenium dihalides compounds in the synthesis of selenorganic compounds (Potapov & Amosova, 2003) . Introduction of new selenium-containing electrophilic reagents -selenium dichloride and selenium dibromide -to the organic synthesis has significantly expanded the possibilities of obtaining new organic selenium compounds (Potapovet al., 2016) . Based on this approach, we obtained previously unknown 2,6-dipyridinium selenabicyclo[3.3.1]nonandibromide (996 zh). The composition and structure of the new compound are unambiguously proved by NMR methods on 1H and 13C nuclei and are confirmed by the elemental analysis data. At the next stage of work, it was necessary to check the biological activity of the obtained substance 996 zh.
Currently, it is shown that selenium plays a big role in protecting cells from ROS because it is a part of the enzymes of the glutathione antioxidant system. Thus, the purpose of our research was to study the effect of different concentrations of 2,6-dipyridinium selenabicyclo[3.3.1]nonan 2,6-dipyridyl selelenabicyclo[3.3.1] nonandibromide (996zh) on the antioxidant protection (GR, LPO) and morphometric indicators of oilseed radish sprouts both under normal and stressed conditions.
MATERIALS AND METHODS
2.1 SYNTHESIS 1 H (400.1 MHz), 13 C (100.6 MHz) NMR spectra were recorded on a Bruker DPX-400 spectrometer in 1-10% solution in D 2 O, referenced to HMDS ( 1 H and 13 C NMR, internal).
A solution of pyridine (2 g, 25 mmol) in 5 ml of acetonitrile was added dropwise to a solution of 2,6-dibrom-9-selenabicyclo[3.3.1]nonan (3.48 g, 10 mmol) (Accurso et al., 2011) in 25 ml of acetonitrile. The reaction mixture was stirred for 6 hours at room temperature. The solvent was removed on a rotary evaporator, the residue was washed with CCl 4 ( 57, 28.19, 29.37, 74.60, 128.68, 143.15, 146.46. Found: C, 42.84; H, 4.41; Br, 31.72; N, 5.54; Se, 15.49. Calc. for C 18 H 22 Br 2 N 2 Se: C, 42.80; H, 4.39; Br, 31.64; N, 5.55; Se 15.63 .
The effect of a new non-toxic water-soluble selenorganic substance on ... of oilseed radish (Raphanus sativus L. var. oleiferus Metzg.)
PLANT MATERIAL
Studies were carried out in laboratory conditions on oilseed radish seeds (Raphanus sativus L. var. oleiferus Metzg.) of lines of Irkutsk State Agricultural Academy, with laboratory germinability of 80-98 %, weighing 1,000 seeds 9.5 g. Seeds were germinated on wet filter paper in Petri dishes at a constant temperature of 23 °C, in the dark, for 4 days, wetting them with the test solutions. The number of seeds in one cup was 30 pcs. The experiment was repeated 3 times.
EVALUATION OF GERMINABILITY AND MASS OF SEEDLINGS
Germinability was analyzed according to the All-Union State Standard 10-14-86 "Oilseed Radish Seeds. Varietal and sowing qualities". These indicators were determined in accordance with All-Union State Standard 12038-84 "Seeds of agricultural crops. Methods for determining germinability" (Dorofeev et al., 2013) . The mass of shoots and roots was determined using the gravimetric analysis.
DETERMINATION OF PROTEIN CONTENT
Protein contentwas determined by the degree of binding to the Coomassie blue dye (CBB G250 "Sigma") according to the Bradford method (Bradford, 1976) .
DETERMINATIONS OF GLUTATHIONE RE-DUCTASE ACTIVITY
Glutathione reductase activity (EC 1.6.4.2) was measured according to the method described by Nigmatullina et al. (2014) . The activity of glutathione reductase was determined by the change in absorption at 340 nm, caused by the oxidation of NADPH in 3.5 min with an interval of 1 s on the spectrophotometer. The enzyme activity was calculated using the extinction coefficient for NADP+ at a wavelength of 340 nm, equal to 6.22 mmol -1 cm −1 .
EVALUTION OF DIENE CONJUGATES
Analysis of the content of the primary products of lipid peroxidation -diene conjugates (DC) -was carried out according to the method (Placer, 1968) in our modification. The measurement was performed on a spectro-photometer at a wavelength of 203 nm. The obtained optical density (D) was used to calculate the concentration of diene conjugates (recalculated per 1 g wet mass) using an extinction coefficient equal to 2.2×10 5 mol -1 cm -1 .
Salinisation was chosen as a stress, which was created with NaCl, a concentration of 200 mmol was taken from literature data (Ahmad et al., 2015) . This concentration causes stress, since it significantly increases the level of lipid peroxidation by almost two times compared with the control (Table 1) .
STATISTICS
The data are presented as arithmetic mean values of quantities and their standard deviations, which were obtained in three independent experiments, calculated using Microsoft Excel. The statistical significance of the differences of the compared average values was evaluated using the Mann-Whitney U-test.
RESULTS AND DISCUSSION
The effect of the new selenium-containing substance 996 zh on the morphometric and biochemical parameters of oil radish under normal conditions and in salt conditions was studied. The objective of the work was to identify which concentrations of the substance exhibit antioxidant activity. This was done using various concentrations (1000, 500, 200, 100, 50, 10 μmol). Antioxidants are mainly used for organisms under stress (Alfthan et al., 2014) . Therefore, the work of substance 996 zh was tested both under normal and stressful conditions, which allowed us to more fully trace the antioxidant effect of substance 996 zh. Based on the results of the work, 1000 μmol and 100 μmol concentrations were chosen. A concentration of 100 μmol showed a good antioxidant effect under both normal and stressful conditions. A concentration of 1000 μmol showed an antioxidant effect under stress. Selenium is known to play a large role in antioxidant plant protection (Mugesh et al., 2001) .In connection with this, at the first stage of our work, we determined the content of diene conjugates and the activity of glutathione reductase. According to the data obtained, it can be seen that the substance 996 zh at a concentration of 100 μmol reduces the level of lipid peroxidation, under both normal and stressed conditions ( Table 1) . The concentration of the substance 996 zh 1000 μmol under normal conditions had a toxic effect; it increased the level of LPO by two times compared with the control. A similar manifestation regarding the effect of selenium was observed on broccoli plants with low sulfur content in the nutrition environment (Tianet al., 2017) . The same concentration (1000 μmol) neutralized the effect of stress almost to the control level (Table 1) . A similar positive effect of selenium on oxidative stress created by heavy metals, salinisation, cooling on various crops (cucumber, sunflower) was shown by Saidi (Saidi et al., 2014) and Hawrylak-Nowak (Hawrylak-Nowak et al., 2010) .
The key parameters for the antioxidant protective potential are the redox status of glutathione, which under normal conditions is significantly shifted towards the reduced form. Support of the redox status of glutathione is provided by a number of enzymes, the main of which is glutathione reductase (GR) (Gill et al., 2013) . Glutathione reductase catalyzes the conversion of oxidized glutathione (GSSG) to reduced glutathione (GRH) and is an important component of the ROS detoxification system in plants (Gill et al., 2013) . Selenium is known to affect the activity of enzymes of the glutathione plant protection system (Mugeshet al., 2001) .In this regard, in our work, we investigated the effect of 996 zh on the activity of glutathione reductase (GR) in plants grown under normal conditions and under stress (200 mmol NaCl).
According to Table 1 , it can be seen that in some variants (3; 4; 6) there is a relationship between the content of diene conjugates and the activity of glutathione reductase, namely, with an increase in the activity of GR, the level of LPO decreases and, conversely, with a decrease in the activity of GR, the level of LPO increases (Table 1) . Earlier it was shown that salt stress (150 mmol NaCl) leads to a strong increase in the GR activity in salt-tolerant plants (Ahmad et al., 2015) .Oil radish does not belong to salt tolerant plants, therefore, we presume that the activity of GR during salinity of chlorides did not increase, but decreased.It is interesting, that the concentration of the substance 996 zh 100 μmol restored the activity of GR to the level of control even under stress condition. Under normal conditions, the effect of this concentration increased the activity of GR by several times as compared with the control; that was reflected in a decrease in the level of LPO. The concentration of 1000 μmol of substance 996 zh under normal and stressful conditions did not show significant differences.
Evaluation of the level of LPO and the activity of GR showed that the substance 996 zh exhibits an antioxidant effect under both normal and stressed conditions. Morphometric parameters of the organism as a whole are known to depend on the biochemical processes occurring in the cells. Seed germinability is an important indicator for crops, as it affects density of sowing and evenness of plant stand. Germinability is determined by soil and climatic conditions, growing technology and fertilizer systems. It is known that the germinability of oilseed radish in Eastern Siberia can vary from 40-90% depending on agro-climatic conditions (Dorofeevet al., 2013) .That is why increasing oilseed radish seeds germinability is a pressing issue in regions with a sharply continental climate (Kashevarovet al., 2016) . Therefore, we determined the effect of the substance 996 zh on the germinability of the given culture under both normal and stressed conditions. Concentrations of the substance 996 zh, used in the work, showed the same results both under normal conditions and under salinisation conditions (Fig. 1) . The concentration of 1000 μm inhibits germinability and the concentration of 100 μmol activates it. The data obtained may reflect the effect of 996 zh on the activity of GR and the level of LPO. Under normal conditions, the concentration of the substance 996 zh 1000 μmol increased the level of LPO and had almost no effect on the activity of GR; that caused the inhibition of germinability. A similar effect was observed at salinisation; the concentration of the substance 996 zh 1000 μmol increased the level of LPO in comparison with the control, but reduced it compared to the control for stress. The concentration of the substance 996 zh 1000 μmol did not affect the activity of GR (Table 1) . As a result, germinability decreased (Fig. 1) . It is noted that selenium concentration from 150-300 μmol has a negative effect on germinability and germinative energy for such crops as wheat, oats, and rye. For barley, these concentrations were destructive (Sindirevaet al., 2013) . The opposite phenomenon was observed when exposed to a concentration of the substance 996 zh 100 μmol (Fig. 1) . The level of LPO in seedlings decreased both under normal and stressed conditions, while the GR activity increased (Table 1 ).It is known that GR reduces the oxidized form of glutathione to the reduced form. In this regard, an increase in GR activity indicates that more reduced glutathione is formed in the cells, which is involved in protecting cells from oxidative damage (Sao et al., 2017) .Therefore, the germinability of seeds increased (Fig. 1) . It has been shown that when exposed to low concentrations with preparations containing selenium (50 μmol) on seeds of cultivated plants, seed germinability also increases (Nikonov et al., 2009) . For pulses (beans, chickpea, soybean), selenium concentration from 10-60 μmol had a positive effect on germinability and germinative energy (Kokorina et al., 2015; Chernenko et al., 2017) .
In addition to germinability, there are a number of indicators that are not rated by standards, but are of great importance for assessing the quality of seeds. The biomass of the roots and stems of seedlings is an important indicator, as it reflects the further development of plants (Hajibolandet al., 2015; Sao et al., 2017) . The effect of substance 996 zh on seedling biomass showed that both for roots and for stems under stress, both concentrations 1000-100 μmol have a positive effect increasing the mass of roots and stems compared to the control for stress (Fig. 2) . The concentration of 1000 μmol, under normal conditions, inhibited the development of the roots of seedlings that affected their mass. However, the same concentration of the substance 996 zh had a positive effect on the development of the stems and, accordingly, on their mass (Fig. 2) . This suggests that as the seedlings develop, the growth of the root system slows down when the concentration of the substance 996 zh is 1000 μmol. The concentration of the substance 100 μmol had a positive effect on the biomass of the seedlings; especially, the effect was on the mass of the roots (Fig. 2 ).
An increase in the biomass of the aboveground and underground parts of wheat is observed when processing with selenium nanoparticles (Yurkova & Omelchenko, 2015) . The effect of selenium in concentrations of 10 −6 and 10 -7 also had a stimulating effect on the roots and stems of soybean seedlings; the concentration of 10 −4 was excessive and had an inhibitory effect (Kokorinaet al., 2015) .
Thus, the studied new non-toxic water-soluble seleniumorganic substance 996 zh at a concentration of 1000-100 μmol stimulates the antioxidant protection of seedlings, while improving their morphometric parameters, both under normal and stressed conditions. Therefore, on the basis of this substance, it is possible to create preparations for the treatment of seeds of agricultural crops.
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